Background. The dearth of 24-hour recall and observedweighed food record data-what most nutritionists regard as the gold standard source of food consumption data-has long been an obstacle to evidence-based food and nutrition policy. There have been a steadily growing number of studies using household food acquisition and consumption data from a variety of multipurpose, nationally representative household surveys as a proxy measure to overcome this fundamental information gap.
Introduction
Information about food consumption is essential for quantifying and monitoring nutrition status, as well as for addressing the most fundamental nutrition program design issues. Most nutritionists maintain that the gold standard for food consumption information is either 24-hour recall or observed-weighed food intake record data from nationally representative household surveys. Only a handful of countries, however, have conducted such surveys [1] ; they are expensive, complex, difficult to administer, and subject to considerable measurement error [2] . The vast majority of food intake surveys that exist are based on small, not statistically representative samples, making their use as the basis for national food and nutrition policy-making suspect. In many countries, the absence of food intake data has created doubts and uncertainties and has discouraged the development of nutrition programs. Most of the countries that do not have 24-hour recall food intake surveys have designed programs using secondbest data, most commonly Food and Agriculture Organization (FAO) Food Balance Sheets (FBS). FBS, however, only provide estimates of food availability. They do not take into account households' differential access to or acquisition of food, a serious shortcoming for understanding food security and nutrition status and designing and monitoring food and nutrition programs. The few other potential sources of such data each have their own shortcomings, as well [3, 4] .
Over the course of the past decade, there has been S171 Primer for nutrition-related analysis of household surveys ever-growing recognition that multipurpose Household Consumption and Expenditures Surveys (HCES)which include Household Income and Expenditure Surveys (HIES), Living Standards Monitoring Surveys (LSMS), and National Household Budget Surveys (NHBS)-can help to address the food consumption information gap. Work in the field began in earnest with the Data Food Networking (DAFNE) Project spearheaded by Antonia Trichopoulou and her colleagues at the University of Athens [5] [6] [7] . A growing number of studies have juxtaposed 24-hour recall and HCES data and have found high levels of consistency between the surveys in quantifying the proportion of households reported to be consuming most food items [8] [9] [10] [11] ; the proportion of households purchasing most food items [8] [9] [10] [11] ; the nutrient density of most food items consumed [11] [12] [13] ; the nutrient density of most food items purchased [11] [12] [13] ; and no statistically significant differences between estimated zinc and vitamin A intakes, but a difference in estimated iron intake [14] . The purpose of this paper is to provide an overview of the key characteristics of HCES to help familiarize food and nutrition analysts and policy makers with these surveys and their potential for addressing the food and nutrition information gap. The intention is to promote the use of existing HCES data by food and nutrition analysts, while encouraging their more proactive engagement in the design, implementation, and analyses of these surveys so that these instruments become more precise and more powerful, thereby enabling better, more evidence-based nutrition policy-making.
HCES: Numbers, coverage, frequency, and availability
The past two decades have witnessed an enormous expansion in the number, quality, and availability of household surveys. In the World Bank's 1990 World Development Report, original across-country analyses of household surveys from 22 countries were presented. At the time, there was but a single survey for each country. Today, there are more than 700 surveys covering 116 low-and middle-income countries. The latest surveys from these 116 countries cover a sample of 1.23 million households that include 5.5 million people [15] . Table 1 shows the growth in these surveys by region. In most countries, the HCES is done once every 3 to 5 years.
Since 2006, an informal group known as the International Household Survey Network (IHSN) has been providing leadership and technical assistance in promoting the availability, quality, standardization, and use of survey data in developing countries. This network-established in response to a recommendation of the Marrakech Action Plan for Statistics [16] -is served by a Secretariat managed by the World Bank Development Data Group and the Paris21 Secretariat at the Organization for Economic Cooperation and Development. The IHSN provides a catalog covering more than 4,000 household surveys, including many HCES, and identifies the key characteristics of the surveys and contact information for obtaining copies of the databases, some of which may be downloaded directly from the website [17] . In most developing countries, the HCES implementing agency is the central statistical office, and the HCES database can be obtained from it upon request. The fact that HCES data are already being routinely collected means that they are a public good from the perspective of their being used to analyze food and nutrition issues.
HCES: Sample size and statistical representativeness
Most HCES provide data on between 7,000 and 20,000 households, with the actual number varying with the size of the country's population and the administrative level at which it provides statistically representative measures. In most countries, the HCES uses the same sampling frame that was used in the last national population census. HCES household samples provide information that is statistically representative at the national level, and usually also at a subnational level. Most commonly, the subnational estimates are based on roughly 10 regions, although the samples are increasingly being expanded so as to provide representative household data at the state or provincial or even the district level. Table 2 shows the sample sizes and other key characteristics of a sample of HCES.
The exact nature of HCES data collected varies by 
Key characteristics of the food consumption and expenditures data
Fifty-four (73%) of the 74 HCES reported in table 2 collected data using recall; the rest (27%) used a diary approach. The diary approach is generally considered to be more accurate, although it is more invasive and more difficult to implement and requires more visits per participating household and more supervision, especially among more illiterate populations. As a result, the diary approach is also more expensive. A recent study estimates that a diary-based HCES costs between three and eight times more than a recall-based survey. 1988, 1990, 1992, 1994, 1996, 1998, 1999, 2000, 2002, 2004, 2006, 2007, 2008 country context-specific, the authors recommended the 7-day recall as the "best" approach [19] . Increasingly, countries are relying on recall-based surveys. HCES questionnaires contain a list of food items. In surveys based on recall, the interviewer asks about each item on the food list during the recall period, most commonly the last 7 or 14 days. There is enormous variation in the length and composition of food lists. Table 2 shows the length of recall periods and the number of food items used in 74 HCES. Common sources of variation in food lists include the extent to which the food item reported is a basic commodity, such as wheat, as opposed to a processed or prepared food, such as bread, noodles, pastry, etc. Generally, the food item lists of the poorest countries are the most simple and commodity-like. Some require recipes to enable their content to be analyzed.
HCES commonly capture a mix of expenditure and consumption. Almost all HCES ask three distinct questions about each food item during a common recall period: Was it purchased? Was it consumed from own production? Was it received free of charge from a friend, relative, or social program? An affirmative answer serves as a screen to inquire about the quantity of the food acquired or consumed by the household. Most questionnaires are designed to capture physical quantities of the foods. Some capture both the quantity and the monetary value of the food, and some record only the value, although the number of studies recording only the value has been steadily declining over time. For purposes of analyzing food and nutrition, when only monetary values are reported, it is necessary to convert the values into physical units. Generally the HCES collects information about food prices in other modules that can be used in making this conversion. Alternatively, other sources of price data can be used. Fifty-eight (78%) of the 74 representative HCES identified in table 2 reported data on food quantity.
As already noted, most HCES contain a mixture of acquisition and consumption data, which can result in either over-or underestimating consumption, thus compromising confidence in and the precision with which HCES data can be used as a proxy for consumption. A few countries attempt to sort out this mixture, most importantly by distinguishing expenditures and consumption. For instance, the Kenya 2005 Integrated Household Budget Survey (KIHBS) and the 2001 Mali Questionnaire des Indicateurs de Base du Bien-Etre (QUIBB) both have a follow-up to the food quantity question that is designed to capture information that can be used to reduce overestimates of consumption, by asking how much of the food that was purchased during the recall period was consumed during the period. A second important source of the blurring of expenditures vis-à-vis consumption quantities is due to the role of food stocks. A small number of HCES (again, Kenya is a good example) ask if food consumed during the recall period was from already existing household stocks. Few countries, however, attempt to make this distinction. This is an issue that warrants more attention to better clarify the tradeoffs involved in asking additional questions to enable more precise measurement of consumption and the additional time required, which risks increasing respondent and interviewer fatigue. Two other potential sources of food consumption measurement shortcomings are food that is wasted or given away and not accounted for-resulting in overestimating consumption-and food that is eaten away from home-a source of underestimation of consumption that is of increasing significance, especially in more urbanized countries. To our knowledge, no HCES asks about food that is wasted or given away, and only a small-albeit growing-number ask about food purchased and consumed outside the home. The common use of a single respondent to provide information about all members of the household makes the consumption of food away from home a potentially 
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Primer for nutrition-related analysis of household surveys more important concern for larger households, since the usual approach of relying upon a single respondent per household is less likely to take into account all of the meals and snacks eaten by other members of the household away from home. (See Smith and Subandoro [20] and Weisell and Dop [21] for further discussion.) In light of these various shortcomings and the potential for significant variations in the quantity of food that a household may acquire during the recall period and the quantity that it might consume, it is most accurate to refer to HCES-based proxy measures as "apparent consumption. " A common problem with HCES is the nonstandardized units in which food quantities are reported. Even when a quantity is reported in a unit having a common name, the weight or volume that is customarily associated with that unit is often locally defined and varies within a country. A related problem is that some foods are reported in nonstandardized units, such as piece or number, bunch, heap, handful, bowl, cup, glass, or other local names. This is another area that requires a great deal of additional work. One way in which some countries have attempted to deal with this issue has been to use information from community-level surveys that are often conducted as part of HCES. The community-level survey is intended to elucidate various aspects of the cultural context, and some develop average prices and standardized weights and volumes for nondescript quantity units. In some countries, these nonstandardized units of measure may not be much of a concern, because it is mainly the food expenditure data, which are expressed in monetary units, that are of principal interest. In these countries, the food and nutrition analyst may have relatively more data preparation work to do before being able to analyze the data.
Some basic steps in processing HCES data for food and nutrition analysis
Despite their variations, HCES share many common characteristics, including a general questionnaire structure and a general database structure. HCES questionnaires are organized into sections by topic, and the structure of the HCES database, which will usually be composed of 15 to 20 files, mirrors the structure of the questionnaire.
There are three HCES files that are of particular interest for food and nutrition analysts: the household register file, which has one record for each household; the household member roster file, which has one record for each household member; and the food item file, which has one record per food item per household.
Most HCES are national, multistage, cluster samplebased surveys and contain weighting or expansion factors (corrected for nonresponses). These weights should be used to "blow up" the sample to the national population totals to enable more direct discussion of inferences about the entire population.
Data cleaning
Most publicly available HCES data have already been cleaned by the agencies responsible for the survey. A common shortcoming of HCES is that there is little discussion of the principles or criteria that should guide, or that have been used, in cleaning the data, and little discussion of what has actually been done. Generally, most publicly available HCES will be relatively clean, although additional cleaning may be required. This is not the place for a full discussion of HCES data cleaning criteria and procedures, but some comments and observations are in order.
The household's reported acquisition of food from all sources-purchases, own production, and gifts-is the proxy measure for usual food consumption. Average daily food consumption is estimated as average daily food acquisition. A limitation of this approach is that it does not take into account any waste or spoilage, or food that is given away or used for other than human consumption. The implication is that consumption is overestimated. Just as there might be food that is purchased and not eaten during the recall but instead is stored and eaten at a later time, it is also possible that food that is actually eaten during the recall period was not purchased during that period but instead was consumed from preexisting purchased supplies. In this case, the use of food purchases results in underestimates of consumption. The net effect of these sources of under-and overestimates of consumption is uncertain. Staples are considered ideal fortification vehicles, because they are generally eaten more regularly and in relatively constant amounts. Staples, however-particularly ones that are in more basic commodity form-are especially likely to be purchased in larger quantities, thereby making the potential distortions of stocks more pronounced. The shorter the recall period, the more likely that purchases of staples will not be precise measures of consumption.
Food expenditure patterns are not normally distributed, because households' food preferences vary and because food stocking patterns may vary substantially by household, as well as by type of food. As a result, for most food items there will be some households that do not purchase any of that particular food, while at the same time there will be a few households that purchase a very large amount of it and account for a disproportionate share of total purchases of it. A challenge in using HCES data is how to distinguish and treat extreme values that are "outliers" due to errors in data reporting, data recording, or data entry; what appear to be outliers based on plausible consumption levels, but which actually might be plausible responses because we are using a mixture of purchase and consumption data to proxy consumption; and what are "true" outliers because these households and their members consume inordinate quantities of the food item in question. Simply regarding high consumption levels as "outliers" and dropping them from the analysis is ill advised. Although this is obviously the simplest approach, it is likely to be unwarranted and worse, irresponsible: it puts the analyst at risk of violating the public health axiom of "do no harm, " because the households and individuals that truly consume large amounts of a food may be put at risk for excess nutrient intake due to a nutrition program intervention. For example, large consumers of wheat flour or sugar could be put at risk for excess intake of vitamin A due to a wheat flour or sugar vitamin A fortification program. Simply dropping observations with high consumption levels also compromises the sample weighting scheme, which will affect the point estimates as well as the confidence intervals estimated using HCES. It is important to first flag extreme values in the dataset.
Then flagged values should be more closely inspected for reporting or coding errors and plausibility before being deemed outliers. Finally, all outliers should be adjusted using an appropriate method of imputation or dropped altogether from the analysis. (See Smith and Subandoro [20] for a more complete discussion of cleaning HCES data.)
Imputing individual consumption from household acquisition from all sources
HCES do not contain information about how food that is apparently consumed by the household is distributed among its members. To use HCES to develop personlevel estimates of apparent consumption requires additional information or assumptions about intrahousehold food distribution. Clearly, because nutrition requirements vary by age, sex, Physical Activity Level (PAL), and other personal characteristics, we can do better than simply using the per capita average. One way in which this is done that takes into account variations in household size and composition and nutritional requirements, is to assume that the distribution of food within the household is in direct proportion to individual household members' share of the household's total energy requirement (i.e., biological need), as captured in the FAO's adult male consumption equivalents (AMEs), and assuming a particular physical activity level [21] [22] [23] [24] [25] .
Developing measures of the intrahousehold distribution of food requires using the person-level file of the HCES. First, each person's AME is calculated using information about his or her age and sex. Then, each household's total number of AMEs is computed as the sum of the AMEs of its individual members. Next, each household member's AME is divided by his or her household's total AMEs. The quotient is equal to the individual's share of the household's food-i.e., of each and every food that the household apparently consumes. This quotient is then multiplied by the quantity of food apparently consumed by the household per day (recall that we are considering only consumption from purchases in this food fortification application discussion) to provide an estimate of the number of grams of the food consumed per day by individual household members. (See Fiedler [26] for suggestions for strengthening HCES as a tool for designing and assessing food fortification programs.)
Another commonly used approach is to develop adjusted per capita estimates from regression models [9, 10, [27] [28] [29] . In this approach, per capita consumption is estimated as a function of the number of household members belonging to specific age groups. Occasionally, additional variables, such as sex, income, education of the household head, occupation of the household head, and locality of the residence, are included as independent variables.
Using HCES data to measure nutrient intake
The estimate of usual intake is calculated from information on all of the items in the food list and all of the sources of those foods (purchases, consumption from own production, and gifted), together with information on the nutrient content of each food item, which is obtained from a food composition table. In essence, this approach uses HCES data as a substitute for the same type of information that would be provided by 24-hour recall or observed-weighed records of food consumption that nutritionists generally employ [2, 11, 21, 29] . Not all countries have a food composition table. Moreover, those that do may not have a very extensive or accurate one. How well the HCES data proxy data obtained from the 24-hour recall or observed-weighed records is largely a function of the quality of the food composition table, how comprehensive the HCES food item list is (being extensive and inclusive, yet not being so detailed as to encourage overreporting or to cause interview or interviewee fatigue so as to undermine the accuracy of quantitative recall estimates), and how easily and unambiguously the food item list of the HCES can be matched with food composition table entries (which could otherwise be a source of discrepancy between the estimates of nutrient intakes obtained by the two methods of determining food consumption).
Some HCES "better practices"
The shortcomings of HCES discussed up to this point have been general shortcomings that stem from using household-level data on food acquisition and consumption to proxy consumption data. In most S181 Primer for nutrition-related analysis of household surveys instances, ameliorating these shortcomings requires asking additional questions or otherwise obtaining supplementary information. Because HCES are not standardized, reviewing other countries' HCES questionnaires can potentially provide insights into ways of addressing some of the shortcomings of any particular country's questionnaire. What are "better practices" depends on the characteristics of the specific country in question, as well as the specific analysis or application involved. The discussion here considers better practices with which to inform the feasibility, potential coverage, and design of a fortification program.
Multiple recall periods
To assess the feasibility of a fortification program or to design a fortification program, it is important to be sure that the coverage and level of consumption of potential food vehicles are measured as precisely as possible. Food items that are more perishable are likely to have shorter shelf lives and to be purchased more frequently. The consumption levels of these foods are likely to be more accurately captured by HCES purchase data, regardless of the length of the recall period. In contrast, using purchase data to estimate the consumption of food items that have longer shelf lives-as do the four common food fortification vehicles (wheat flour, maize flour, sugar, and vegetable oil)-is more likely to be inaccurate, and their measures are likely to be more sensitive to the length of the recall period: the shorter the recall period of such foods, the more likely that they will not be captured by purchase data. Figure 2 presents data from the 2006 Zambia HCES. It shows that 54% of households nationally reported purchasing some sugar during the 14-day recall period, but that when the recall period was extended to 1 month, 83% of households reported purchasing sugar. This 54% increase in the estimated coverage of sugar fortification suggests that adding one or a few additional questions to enable testing the sensitivity of the recall period is likely to be worthwhile, particularly when attempting to identify or assess the coverage or impact of fortifying a staple food. The additional recall period question need not be asked of all foods, but can be limited to just one or a few key existing or potential vehicles.
More specific food item categories
Some countries have introduced specific food item categories in order to be able to obtain more precise data with which to assess the feasibility of or to design fortification programs. The 2006 Zambia Living Standards Measurement Study, for instance, modified the way in which it asked about households' consumption of maize. In previous surveys, the questionnaire had asked only about maize in general, regardless of its form. In 2006, it asked about breakfast mealie meal, roller mealie meal, and hammer milled meal in addition to maize grain in order to be able to distinguish those maize meal consumers who purchase their product from large-scale, modern roller mills, which are the only mills in which fortification is thought to be feasible (due to enforcement policing and quality assurance considerations) from those consumers who purchase their product from small-scale hammer mills.
Food away from home
As already discussed, relatively few countries collect information about food that is purchased for consumption away from home. Table 3 identifies 17 countries that do address this issue, thereby providing models that other countries can review, adopt, and adapt as appropriate to do a better job of capturing this consumption. The table also presents a taxonomy that identifies five country "data quality groups" and briefly describes the criteria that differentiate how well they measure consumption of food away from home [18] . 
Identifying participation in food and nutrition programs
Most countries use HCES to monitor or evaluate important social programs, including food and nutrition programs and social protection programs. [31] . There is growing concern that there are many households and individuals that participate in more than one food or nutrition program, and that we are generally ignorant of what multiple program participation may mean in terms of inefficient programs or putting individuals at risk for unnecessary or excess intake of some micronutrients. HCES provide a means for investigating these questions of ever-growing importance.
Conclusions
Despite their limitations, the use of HCES data constitutes a largely unexploited opportunity to address the food consumption information gap by using survey data that most countries are already routinely collecting. HCES should be regarded as a complementary source of food and nutrition data, and not as a substitute for other sources of such information. Many of the shortcomings of HCES can be ameliorated with relatively minor changes. Moreover, many of their attractive attributes can be further enhanced by introducing 
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Primer for nutrition-related analysis of household surveys a modicum of relatively minor changes. These possibilities suggest that HCES should not be regarded as immutable, but rather as living tools that can be modified to better exploit their strengths and better fill the food consumption information gap. How that might be done and what type of changes can be realistically expected are important, as yet unaddressed topics.
